INTRODUCTION
nested together. Palynology and flavonoids analyses were adopted to classify the Epimedium species (LIANG and YAN 1991; GUO et al. 1998) . As an intractable taxon, however, there still remain several problems about the classification and phylogenetic relationships of the Epimedium species, especially for the Chinese Epimedium species. As a result, it is necessary to establish a natural arrangement of Epimedium.
Cytological data are of great importance in the study of plant evolution and diversification (STEB-BINS 1950 , 1971 HONG 1990; STACE 2000) . Chromosome cytology is important when attempting to evaluate relationships and deduce phylogenetic sequences in angiosperms (RAVEN 1975) . In previous researches (TANAKA and TAKAHASHI 1981; TAKAHASHI 1989) , C-banding karyotype analysis was carried out on the taxa of Epimedium mainly endemic to Japan. All the taxa of Epimedium studied had somatic chromosome numbers of 2n = 2x = 12 and they closely resembled one another with respect to size and shape of chromosomes. However, they showed great differences in position, size and number in C-banding patterns. The karyological groupings by C-bands in Epimedium could be correlated with differences in geographical distribution rather than differences in morphological characters; the Epimedium species of Type A were distributed in China, Type B in Japan, Type C in the Mediterranean. SHENG and CHEN (2007a, b) reported the karyotypes of 13 species of Epimedium mainly endemic to China. All these Epimedium species reported had a similar karyotype with the chromosome number of 2n = 2x = 12. However, more than third quarter of Chinese Epimedium species have not been conducted cytological analysis up to now. The aims of the present study are: (1) to identify the chromosome numbers of the Chinese Epimedium species; (2) to perform a karyotype analysis on the Chinese Epimedium and to clarify the infrageneric and intergeneric relationships of Epimedium within the Berberidaceae by combining our results with previously published data.
MATERIALS AND METHODS
Twenty one species and one variety of Epimedium were collected from China (Table 1) . Among these species, except for E. koreanum distributed in north-east China, North Korea and Japan, the rest are endemic to China which represent the four different series of Section Diphyllon (YING 2001; STEARN 2002) . All the investigated species came from natural populations and were cultivated in Wuhan Botanical Garden, the Chinese Academy of Sciences. The voucher specimens were deposited in the Herbarium of Wuhan Botanical Garden (HIB).
Root tips were collected from each individual and pretreated for 4h in a mixture of saturated solution of paradichlorobenzene (PDB). After fixing in Carnoy's liquid fixative (3 parts of alcohol: 1 part of glacial acetic acid) for 30min at 4°C, the root tips were macerated in 1N hydrochloric acid for 6min at 60°C, stained with Carbol Fuchsin and squashed for cytological observation. Measurements were taken from 10 well-spread metaphases of not less than five individuals of each species. The cytological classification of the interphase and mitotic prophase chromosomes followed TANAKA's categories (TANAKA 1971 (TANAKA , 1977 . Description of the karyotypes followed LEVAN et al. (1964) and karyotype symmetry was classified according to STEBBINS (1971) .
RESULTS
Karyomorphological features at interphase and mitotic prophase -All the 21 species and one variety examined exhibited the complex chromocenter type of the inerphase nucleus ( Fig. 1 ): many darkly stained chromocenters, chromomeres and chromonemata dispersed in the whole region of the nucleus, and several larger spherical or ellipsoidal blocks were observed as a result of aggregation of chromocenters. At mitotic prophase, the chromosomes of all these species displayed many early condensed segments located in the proximal, interstitial and terminal regions (Fig. 2) , and we categorized this pattern as the interstitial type. Chromosome number and size -All the species investigated had the same chromosome number, 2n = 2x = 12 (Figs. 3-32, Table 2 and 3). Because the degree of condensation was different among the species, the absolute length of chromosome was discrepant. In general, the chromosomes of these Epimedium species were not greater than 8µm and not less than 4µm in absolute length and could be classified into the medium chromosome according to LIMA-DE-FARIA (1980) . In the chromosome complement chromosomes showed a gradual decrease in length, and the length ratio of the longest to the shortest chromosomes, from 1.20 to 1.41, was similar among these species, exhibiting a unimodal arrangement. Classification of karyotype -In the present research, there were no major differences in karyo-type among the species examined (Fig. 32 , Table 2 and 3). The metacentric (m) and sub-metacentric (sm) chromosomes appeared to form the main part of chromosome complement while the subtelocentric (st) chromosomes were rare or absent. With the exception of E. platyplatum, E. pubescens and E. stellulatum, the chromosomes could be classified into two main groups according to the chromosome length and the position of the centromere. The first group was composed of chromosome pair I, II, and III with centromeres at the median region. The second group consisted of the other three pairs with centromeres in a submedian position. For chromosome pair IV in E. platyplatum, E. pubescens and E. stellulatum, the centromeres were subterminal with arm ratios not more than 3.30, while the morphology of the other chromosome pairs in the three species was consistent with that of the other 18 species on the whole. All the species investigated had a secondary constriction commonly located on the proximal side of the short arm of the chromosome pair I, except for E. pseudowushanense and E. elachyphyllum in which the constriction was on chromosome pair II. In all the examined species, the length ratio of the longest to the shortest chromosome ranged from 1.20 to 1.41, and the proportion of chromosomes with an arm ratio higher than 2:1 was not greater than 50%. Karyotype symmetry in all the investigated species was of the relatively primitive type 2A. Aberrance in some species -Obvious variations in chromosomes were observed in some individuals of five Epimedium species (Figs. 10, 13, 16, 25, 26, 31; Fig. 32: G2, I2, K2, S2, S3, W2) . Descriptions of these aberrances are given below.
The chromosome pair V of E. leptorrhizum had submedian centromeres in its normal state. However, in one individual, the 9th chromosome changed from sub-metacentric to metacentric probably due to chromosome pericentric inversion (Fig. 16, Fig. 32 . K2).
In one individual of E. franchetii collected from Badong, Hubei Province, the 6th chromosome of one individual was obviously shorter than the 5th which was probably attributed to an unequal translocation between homologous chromosomes ( In one individual of E. dolichostemon, the two chromosomes of Pair IV were different in length and arm ratio (Fig. 25, Fig. 32 . S2), which was probably induced by the occurrence of unequal translocation between homologous chromosomes. In another individual of E. dolichostemon (Fig.  26, Fig. 32 . S3), the 2nd chromosome was shorter than normal while the 5th was longer than normal and became acrocentric instead of submetacentric chromosome, which was probably attributable to unequal translocation between non-homologous chromosomes.
DISCUSSION
In the present investigation, the karyotypes of the 21 species and one variety of Epimedium, all endemic to China except E. koreanum, were studied, of which 14 species and one variety were reported for the first time. All these species exhibited the complex chromocenter type of the inerephase nucleus and the interstitial type of the mitoticprophase chromosomes (Figs. 1, 2) . These taxa all
Figs. 1-12 - Fig. 1 -Micrograph of interphase of Epimedium. Fig. 2 -Micrograph of prophase of Epimedium. Fig. 3 . E. platypetalum. Fig. 4 . E. flavum. Fig. 5 . E. ilicifolium. Fig. 6 . E. pseudowushanense. Fig. 7 . E. mikinorii. 8. E. franchetii (Lichuan, Hubei). Figs. 9-10. E. franchetii (Badong, Hubei). Fig. 11 . E. enshiense. Fig. 12 . E. sutchuense. had a somatic chromosome number of 2n = 2x = 12 and they had the karyotype formula with 2n = 6m + 6sm except E. platyplatum, E. pubescens and E. stellulatum, in which the chromosomes of pair IV were subtelocentric with arm ratios not more than 3.30 (Figs. 3-32, Table 2 and 3) . A secondary constriction was commonly observed on the proximal side of the short arm of the chromosome pair I in all the species, except for E. pseudowushanense and E. elachyphyllum with the constriction on chromosome pair II (Fig. 32, Table 2 and 3) .
However, for E. pseudowushanense and E. elachyphyllum, the length of pair I and II was very close to each other. Based on the analysis of karyotypes in Epimedium in the present study and previous reports (TANAKA and TAKAHASHI 1981; TAKAHASHI 1989; SHENG and CHEN 2007a, b) , we conjectured that the pair II of the two species was congenetic with pair I of other 19 species while the pair I of the two species with pair II of other 19 species. The karyotype symmetry of all the investigated species was relatively primitive 2A. As a result, Figs. 13-24 -Fig. 13 . E. Sutchuense. Fig. 14 . E. Wushanense. Figs. 15-16 . E. Leptorrhizum. Fig. 17 . E. zhushanense. Fig. 18 . E. pubescens. Fig. 19 . E. brevicornu. Fig. 20 . E. sagittatum. Fig. 21 . E. sagittatum var. glabratum. Fig. 22 . E. myrianthum. Fig. 23 the karyotypes of Epimedium species investigated in the present research were highly uniform. This was generally consistent with the previous reports on Epimedium (TANAKA and TAKAHASHI 1981; TAKAHASHI 1989; SHENG and CHEN 2007a, b) . Epimedium, belonging to Berberidaceae (Ranunculales), is a relatively primitive angiosperm group in the phylogenetic evolution (HOOT et al. 1999) . The karyotypic characters also confirmed that the genus was a very old group in its evolutionary history. Due to the uniform karyotypes of the four series of Chinese Epimedium, we could not find any distinct correlation between these karyotypic and morphological characters in the Chinese Epimedium species. As a result, it is difficult to discuss the phylogenetic relationships within Chinese Epimedium based on the karyotypic evidence.
In the present and previous studies (TANAKA and TAKAHASHI 1981; TAKAHASHI 1989; SHENG and CHEN 2007a, b) , all the Epimedium species investigated were diploid (2n = 2x = 12), characterized by a similar karyotype. The Epimedium species are self-incompatible and interfertile, and no cytological irregularities were observed in the hybrids of Epimedium, due to karyotypic uniformity of the parent species (TAKAHASHI 1989; STEA-RN 2002) . This suggested that sterility barriers caused by structural differences of chromosomes might be absent in Epimedium. According to recent molecular phylogenetic studies (NAKAI et al. 1996; GUO 1999; SUN 2004; SUN et al. 2005) , the infrageneric classification of Epimedium was generally consistent with its phytogeographic distribution. However, a clear evolutionary pattern for the Chinese Epimedium species could not be obtained because species with different petal types are nested together. The disordered and complex relationships of the Chinese Epimedium species can probably be attributed to speciation by hybridization. Several natural hybrids have been observed (GUO 1999; STEARN 2002) .
In some Epimedium species, chromosome aberrations were observed. In one individual of E. leptorrhizum, pericentric inversion was ob- served (Fig. 16, Fig. 32. K2 ). In some individuals of E. franchetii, E. sutchuenense, E. dolichostemon and E. koreanum (Figs. 10, 13 of comparatively recent origin with some of them still in the process of differentiation (GUO 1999; STEARN 2002) . STEARN (2002) deemed that most of the differences between species can be attributed to mutation associated with geographic isolation. The present research, which demonstrated chromosome aberrations, such as pericentric inversions and unequal translocations in some Epimedium species, supports STEARN's viewpoints about differentiation of Epimedium species. On the other hand, the origin of many Chinese Epimedium species may be caused by hybridization (GUO 1999; STEARN 2002) . As a result of the two speciation modes, Epimedium has become one of the largest genera in the Berberidaceae. The Berberidaceae comprises 17 genera, which exhibit extremely diverse morphologies. The only feature uniting the heterogeneous genera is the gynoecium of a single carpel, a condition that has been interpreted as pseudomonomerous and representing two or three fused carpels (KIM and JANSEN 1998) . According to recent phylogenetic studies on the Berberidaceae (LOCONTE and ESTES 1989; KIM and JANSEN 1998; KIM et al. 2004) , four chromosomal groups were recognized, whose basic number of chromosome was 10, 8, 7 and 6, respectively. Within the x = 6 group, all molecular phylogeny results supported the position of Jeffersonia BARTON/Plagiorhegma MAXIM. as sister to the other genera, the sister-group relationship of Epimedium and Vancouveria C.MORREN & DEC-NE. and the monophyly of Podophyllum group (Podophyllum L., Dysosma WOODSON, Diphylleia MICHX., Sinopodophyllum YING). However, relationships among the core genera of the x = 6 clade (Achlys DC., Bongardia C.A.MEY., Epimedium/Vancouveria and the Podophyllum group) are extremely variable depending on both the gene sequenced and the tree building methods used (KIM et al. 2004 Note: m, chromosomes with arm ratio of 1.0-1.7, having centromeres in a median position; sm, chromosomes with arm ratio of 1.7-3.0, having centromeres in a submedial position; st, chromosomes with arm ratio of 3.0-7.0, having centromeres in a subterminal position. 
